Seventy years ago, Charles W. Cobb and Paul H. Douglas published their pio-
neering work on statistical tests of the theory of diminishing marginal productivity. This study and subsequent work by Douglas and his colleagues (1934) helped usher in the widespread use of statistics in the field of labor economics. The major findings included that in many different industries and countries, output was well explained by a linearly homogeneous function of inputs, that wage changes corresponded to changes in measured marginal product, and that marginal product declined as input utilization increased. Although initially the work was not universally acclaimed,' it created the empirical underpinning for broad acceptance of the neoclassical theory of distribution and rejection of Marxian notions of exploitation of labor by capitalists.
The Cobb-Douglas form has particular advantages for testing the theory of pro-* Peter E Orazem is professor of economics at Iowa State University.
duction and of the derived demand for factors in that marginal products are a constant of proportionality removed from average products. This result means that if the underlying production process is well approximated by the Cobb-Douglas form, the theory can be illustrated by plotting out the data. Thus, the tables and figures presented in Douglas's classic The Theory of Wages bear a remarkable resemblance to standard textbook renderings of isoquants and factor demand curves. This was, in fact, Douglas's aim: to use inductive, statistical analysis of labor market data to make precise the general theoretical propositions based on deductive logic advanced earlier by Alfred Marshall and J.B. Clark and contemporaneously by John Hicks and A.C. Pigou.2 Although economists are much more accepting of inductive analysis today, this acceptance has not carried over to standard textbook treatments of the theory of production. Instead, the deductive methods of Marshall, Clark, Hicks, and Pigou are employed. Introductions to isoquants or short-run input demand curves rely solely on heuristic proofs. By adding variable inputs to fixed inputs, it is argued that producers will eventually face diminishing marginal products. Undergraduates understand these arguments easily enough, but they are left with the sense that the law of diminishing returns is a theoretical abstraction. The contention that the theory is embedded in the real world is viewed with suspicion because undergraduates have never seen an iosquant. This study argues that the Cobb-Douglas approach offers simple and easily digestible examples of real-world isoquants, downward-sloping labor demand curves, and a rising relationship between observed wages and capital labor ratios. Furthermore, under the maintained assumption of Cobb-Douglas production technology, it can be shown that there is a oneto-one correspondence between these two-dimensional graphical representations and the underlying theoretical production function with any number of inputs. Douglas (1934) used time-series data on capital, labor, and output in manufacturing in the United States (1899-1926), New South Wales (1901-27), and Massachusetts (1890-1926).3 The current example is based on a carefully constructed database of capital, labor, land, and fertilizer inputs into agricultural production in forty-four countries compiled by Hayami and Ruttan. Agriculture is especially appropriate for deriving isoquants because countries use very different capital and labor intensities to produce the same commodity. Capital is measured in horsepower to allow aggregation of riding tractors with smaller garden tractors.4 Labor is measured as the number of male workers economically active in the agriculture sector. Fertilizer is measured in metric tons of nitrogen, phosphate, and potash. Land is measured in hectares of arable agricultural land. Output is measured as gross agricultural output net of intermediate outputs. Although output includes a whole range of crop and livestock commodities, a single aggregate in bushels of wheat equivalent units was created using relative international commodity prices.5 Details on the construction of this dataset can be found in appendix A of Hayami and Ruttan.
Theoretical Justification
Before proceeding to the derivation of input demands, it is useful to show how these empirical isoquants based on observable unit labor and capital inputs can be derived from a theoretical production function. If the production function is CobbDouglas, then outputs and inputs are related according to (1) Q = AL"KPXr where Q is output, L is labor, K is capital, X represents an index of other inputs, A is a Hicks-neutral technical change parameter, a is the output elasticity for labor, P is the output elasticity for capital, and y is the output elasticity for other inputs.
The marginal products for labor and capital are Labor per unit output
Empirical Isoquants
To keep the derivations in two dimensions, the discussion will follow Douglas (1934) by focusing on the relationships among labor, capital, and output. To set up an isoquant, we need to fix output at the same level. The easiest way to do this is to measure labor and capital in per unit of output terms. This effectively fixes output to one in each country. The plot of capital and labor combinations needed to produce a single unit of output is presented in figure 1. The country associated with the observation can be determined by using the abbreviations in table 1. The isoquant shape is obvious from the plotted data in figure 1. As shown in equation (3), the implied slope will differ from the theoretical ratio of marginal products by a constant factor of proportionality, P//a. It is also possible to connect the lowerbound combinations to get an efficient frontier for producing a unit of output. The frontier also has an isoquant shape.
The interpretation of the isoquant as reflecting alternative methods of combining inputs to produce a common output is easy to motivate in this example. Sri Lanka and India use relatively labor intensive techniques to produce grain, whereas the United State and European countries use relatively capital intensive techniques. If this is shown in a classroom, some students will immediately start guessing that the choice of technique will have something to do with wages in the different countries.
The isoquant also motivates efficiency notions. The farther a country is from the efficient frontier, the more of both capital and labor it is using to produce a single unit of output. Yugoslavia, the only centrally planned economy in the HayamiRuttan set, stands out as a uniquely inefficient production technology. It is useful to have these inefficient outlier combinations in the set because one could then ask why or how inefficient combinations can persist. The need to look at least-cost input combinations is apparent, and the presumption that market forces drive firms to minimize cost is supported in the data. Yugoslavia could use inefficient levels of labor and capital because the market forces were suppressed. Similarly, Japan can maintain an inefficient agricultural sector because of heavy subsidies and protection from foreign competition. As will be shown below, the least-efficient producers in figure 1 tend to be the most protective of their agricultural producers and/or heavy importers of agricultural products, whereas the most efficient have low levels of protection and tend to be major agricultural exporters.
Derived Labor Demand
The Cobb-Douglas form also allows the derivation of derived input demands. The short-run demand for labor is the marginal revenue product curve. The Hayami-Ruttan output data are measured in constant dollar terms, so measured marginal products already implicitly incorporate output price. Marginal revenue product is proportional to average revenue product according to P . MPL =(1l/ a) P APL. When the marginal revenue products are traced out as a function of labor per unit output, we get a downward-sloping relationship by construction. More interesting, optimal labor demand implies that W = P . MPL. However, observed wages and labor utilization need not be inversely related unless labor demand curves slope downward. Hayami and Ruttan collected information on labor costs, defined as the daily wage for a male agricultural worker working an eight-hour day. The wage data were available for twenty-eight countries, as indicated in table 1. The paths of marginal products and wages as a function of labor are given in figures 2 and 3. The paths are remarkably consistent with each other, as required if wages are set equal to marginal revenue products.9
High correlations between real wages and average revenue products were taken as early evidence of the neoclassical theory of distribution, in which wages are equated with marginal revenue products. In the original Cobb and Douglas paper, the simple correlation between wages and average revenue product was 0.71. In the subsequent analysis by Douglas, the simple correlation was 0.90 for U.S. manufacturing. The simple correlation between wages and average revenue products in the present study is 0.67.10
Long-Run Cost Minimization
The condition that long-run cost minimization occurs where the isocost is tangent to the isoquant can also be demonstrated. The efficient frontier can be derived by illustrating the least-cost production method for various relative input prices. Higher wages relative to cost of capital move the least-cost input combination toward higher capital-labor ratios. Hayami and Ruttan did not report capital costs, but it is reasonable to assume that the ratio of wages to capital costs increases with wages. If capital is freely mobile, then capital costs should equalize across countries. This condition is most likely violated in low-wage developing economies, so capital costs are likely to be highest in low-wage countries. The relationship between wages and capital labor ratios is displayed in figure 4 . Clearly, high-wage countries choose capital intensive production techniques, and low-wage countries 
Wages versus Unit Labor Cost
The use of international data is especially useful in the context of global competitiveness. Public perceptions that industrialized countries are disadvantaged by high wages relative to developing countries are commonly expressed. Nevertheless, the United States is a strong international competitor in agriculture despite much lower wages elsewhere. One reason is that U.S. producers have chosen capital intensive production techniques that raise the marginal product of labor. As Golub and Hsieh's research shows, what is critical in international trade is relative labor cost per unit of output, not relative wages. Raising labor productivity sufficiently can accommodate high wages and still retain global competitiveness. This concept can also be illustrated with the Hayami-Ruttan data. Figure 5 shows the relationship between wages and unit labor costs (WL/Q) in agriculture. As is clear from figure 5, there is no relationship. High-and low-wage countries are equally likely to have high or low unit labor costs. The simple regression of unit labor costs against wages yields an R2 of .007 and a coefficient on agricultural wage that is extremely small and insignificant. In agriculture, there is no observable relationship between wages and unit labor costs across countries.
This outcome can also be reconciled with underlying economic theory. The standard criteria for efficient allocation of labor across plants in a multiplant firm is to allocate labor so that W/MPL is equal across plants. A comparable criteria would 
Classroom Applications
These materials have been used at two levels: in a principles of microeconomics class and in a managerial economics class that is aimed at the intermediate microeconomics level. Figures 1, 4 , 5, and 6 form the foundation of my principles discussion of optimal input choice and international competitiveness. I begin with figure 1 and state that the plot shows the labor and capital per unit of agricultural output in each country.14 I then define an isoquant as all combinations of capital and labor that yield the same level of output, so that figure 1 is a picture of an isoquant. Noting that these countries can produce agricultural commodities themselves or purchase them internationally, I ask why they do not all produce with the same capital and labor intensity.
Principles Level
This leads to the definition of isocost lines and the relevance of relative input prices for selecting cost-minimizing input combinations. High-wage countries have steep isocost lines, and low-wage countries have flat isocost lines, leading to the prediction that high-wage countries will have high capital-labor ratios. My experience is that these graphs greatly enhance the ability of students to understand why production techniques differ across countries, why labor productivity is critical to justifying high wages, and how choice of input mix is critical to international competitiveness. The graphs fit into the standard graphical presentation of production theory, so they add little more time to that allotted to the topic.
Intermediate Microeconomics
The use of the data presents a second opportunity-for students to play with the data themselves. For several years, I have had students plot out the data using Excel. The use of the Web makes this extremely easy (you can download a sample problem set and the data directly from my Web page at www.econ.iastate.edu/ faculty/orazem). I began this assignment after one of my intermediate students asked me whether he could plot out the data set directly rather than just take my graphs as given.
Other Courses
The 
Conclusions
This paper demonstrates how easily one can create an immediate link between observable data and the economic theories of production, derived input demands, and costs of production. The point of attack is to use the same tools employed by Cobb and Douglas to illustrate the validity of neoclassical theory to economists. Very simple plots of the data reproduce seemingly abstract theoretical concepts. Furthermore, the plots can be presented without apology, as they are theoretically appropriate given the statistical acceptance of the Cobb-Douglas form. It is hoped that if skeptical economists were once won over to the theory of marginal productivity when they were able to see the theory in action, perhaps the same tools can be used to raise comprehension among nonprofessional audiences as well. 5 The output measure can be viewed as the total dollar value of agricultural production net of seed, feed, and some other intermediate output costs. It is common to use such aggregate value-added measures across many goods as an estimate of industry output because even narrowly defined industries produce more than one single homogeneous product. Although some might prefer to estimate production functions for a single commodity, there are two main reasons to use aggregate output as the dependent variable. First, farms are multiproduct firms, so any single measure of output fails to characterize the total output of farms. Second, it is difficult to know how to allocate labor, capital, or other inputs to a specific farm output, so any effort to estimate the production function for a single commodity will be subject to considerable measurement error. 12 Net exports of agricultural products are reported in issues of the FAO Yearbook: Trade. 13 This ratio reflects the price that domestic farmers receive for their products relative to international prices for the same products. The higher the ratio, the greater the degree of protection.
141 do not discuss how output is measured beyond saying that it is aggregate agricultural output measured consistently across countries.
15 I do not discuss logarithmic transformations-the picture is nice enough.
